R ecent advances in the care of premature infants have resulted in increasing rates of survival. However, the increased prevalence of medical disabilities, learning difficulties, and behavioral and psychological problems among surviving preterm infants has raised concerns that these infants may have difficulties in coping with adult life. 1-6 Some primarily hospitalbased cohorts of infants with very low birth weight who have been followed to young adulthood have shown reduced scores on cognitive and psychological tests as compared with controls with normal birth weights. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Other follow-up studies have shown more encouraging results. 17, 18 However, the long-term social and behavioral outcomes of preterm birth are not well described. Most follow-up studies have focused on extremely premature infants (gestational age <28 weeks or birth weight <1000 g), but data on moderately premature babies, who comprise a larger proportion of preterm births, are also needed.
All births in Norway since 1967 have been registered in the Medical Birth Registry of Norway (MBRN). The aim of the present study was to examine the relationship between gestational age at birth and outcomes in adulthood in a national cohort by linking information from this registry to information in other national registries that include data on medical disabilities, education, income, family status, social security benefits, unemployment compensation, and criminal records.
Me thods

Study Design
We identified in the MBRN all infants who were born alive in Norway between 1967 and 1983 and followed them until 2003, when they were between 20 and 36 years of age. Children who were born at a gestational age of at least 23 weeks according to the mother's last menstrual period and who did not have any registered congenital anomalies except congenital dislocation of the hips were included. Children with a sex-specific weight for gestational age that was more than 3 SD from the mean 19 were excluded because we assumed that the gestational age was probably recorded incorrectly.
The cohort was followed from birth to adulthood by linking compulsory national databases that include the entire population of Norway. The MBRN contains data on maternal health, pregnancy and delivery, and the health of the newborn for all babies who are born at a gestational age of 16 weeks or more. 20 The MBRN also includes information about the biologic parents of each newborn and was used to identify persons who became biologic parents during the follow-up period.
All residents of Norway are insured by the National Insurance Scheme (NIS). 21 The NIS provides disability benefits for people who have medical conditions that are of sufficient severity to be an economic burden and may include a basic benefit if a person incurs substantial expenses as a result of the disability, an attendance benefit (financial compensation for use of services or nursing), and a disability pension if a person is at least 18 years of age and his or her working capacity is permanently reduced by 50% or more. The diagnoses associated with the disability are recorded; these diagnoses are based on medical examinations and are classified according to the standard International Classification of Diseases (or ICD) 22 (see Table 1 in the Supplementary Appendix, available with the full text of this article at www.nejm.org). In a previous study that assessed the validity of NIS diagnoses among 27 children whose hospital records and parental reports indicated a diagnosis of cerebral palsy, the NIS correctly identified 70% of the children as having cerebral palsy and another 19% as having a disability that was potentially related to cerebral palsy (such as mental retardation or another neurologic disorder); 3 children who were not registered by the NIS as having a disability had mild cerebral palsy and may not have received any benefits. The specificity of an NIS diagnosis of cerebral palsy was 99%. 23 Data on immigrant background, demographic characteristics, and records of social services were obtained from Statistics Norway. 24 A resident of Norway who is unable to care for himself or herself or for any dependents may receive social security benefits irrespective of medical history. 25 Data on the education level of the members of the cohort and their parents were obtained from the Norwegian National Education Database; information on job-related income from the Norwegian Tax Administration; records on unemployment from the National Employment Service; and data on criminal activity from the Central Criminal Record and Police Information System, which is run by the Ministry of Justice and the Police and includes information on all persons who receive a sentence for committing a crime in Norway. 26 
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The Cause of Death Registry provided information on causes and date of death.
Information on biologic parenthood was updated through December 31, 2003 , and information on unemployment, cohabitation, divorce, and emigration was updated through 2000. All other information was updated through 2002.
Every resident in Norway has a national identification number that is used by all the registries; this number made the precise linkage of records possible. After linkage by Statistics Norway, data from which the national identification numbers were removed were transferred to the MBRN and kept within a secure computer system. The study was approved by the Norwegian Directorate of Health and Social Services, the Ministry of Social Affairs, the National Police Directorate, and the Norwegian Data Inspectorate. These institutions gave permission for the use of the data without requiring consent from the study subjects.
Statistical Analysis
The gestational age was divided into five categories: 23 weeks to 27 weeks 6 days, 28 weeks to 30 weeks 6 days, 31 weeks to 33 weeks 6 days, 34 weeks to 36 weeks 6 days, and 37 weeks or more (term births). Associations between gestational age and outcome measures were estimated as relative risks with 95% confidence intervals from log-binomial regression models 27 with the use of the general linear model program in SPSS software, version 15.0 for Windows. A Cox regression model was used as an alternative method when log-binomial regression did not converge and failed to produce estimates. 28 A gestational age of 37 weeks or more was used as the reference category. To test for trend, the analyses were repeated with the gestational-age categories as a continuous variable.
All analyses were adjusted for sex, year of birth, multiple births, single motherhood, maternal age, mother's and father's level of education, and immigrant status of the parents. Data on education were available for 96% of the 5357 people whose parents were born outside Norway, and for 88% of their fathers and 85% of their mothers. The corresponding figures for children with at least one nonimmigrant parent were 100%, 98%, and 99%, respectively. Education level was classified according to a national nine-level scale (ranging from no education to a doctoral degree with at least 20 years' education) and was used as a continuous variable when adjusting independently for mother's and father's level of education. Year of birth was also modeled as a continuous variable. Maternal age at the time of the birth was categorized as less than 18 years, 18 to 39 years, or 40 years or more.
Children who died before their fifth birthday were excluded from the analyses of medical disabilities. Persons who died before their 20th birthday or who received disability benefits for medical reasons were excluded from the analyses of education, income, employment, social security benefits, life partner, reproduction, and criminal activity.
In the analyses of income, only earnings from jobs were used. The 20th and 80th percentiles for income were identified for all persons who were born within the same year. A low income was defined as an income below the 20th percentile for a particular year of birth, and a high income as an income above the 80th percentile.
In the analyses of levels of education, only persons whose age made it possible to have attained a given level were included. Whereas the whole cohort was included when completion of high school was assessed, those who were born after 1980 were excluded when completion of a bachelor's degree (i.e., 3 to 4 years of education after high school) was assessed, and those who were born after 1978 were excluded when completion of a master's degree (i.e., 5 to 6 years after high school) was assessed.
Our analyses of the prevalence of schizophrenia and autism involved small numbers in some categories. We therefore performed tests for trend across the gestational-age categories with the use of exact logistic regression (Stata/SE software, version 10.0), and adjusted only for sex and year of birth (in three intervals). Because the numbers in the highest gestational-age categories were too high for exact analyses, a 5% random sample of persons in the reference category (those born at 37 weeks of gestation or later) was used in the analyses of autism, and a 2% random sample of persons in the reference category and a 25% random sample of persons in the category of 34 to 36 weeks of gestation were used in the analyses of schizophrenia. Since the results depend somewhat on the composition of the random sample, we performed 25 independent selections and report the median P value among these 25 replications. We also report 95% confidence intervals from exact logistic-regression analyses for categories with small numbers. Odds ratios are good approximations of the relative risks for these rare outcomes.
Point estimates and confidence intervals for the larger categories were based on log-binomial regression.
Additional analyses of medical disabilities were stratified according to the year of birth, with the use of the time intervals of 1967 to 1972, 1973 to 1978, and 1979 to 1983 , and analyses of medical disabilities and outcomes reflecting social function were stratified according to sex. Autism and schizophrenia were not included in these stratified analyses because the numbers in the subgroups were too small.
R esult s
Study Cohort
A total of 903,402 children who were born alive between 1967 and 1983, with a gestational age at birth of at least 23 weeks and without known congenital anomalies, were identified through the MBRN. Among these, 13,582 died before their 20th birthday and 22,128 were not registered as residents in Norway as adults, leaving 867,692 in the cohort as adults (Fig. 1) . Five-year survival increased from 20% for children born at 23 to 27 weeks of gestation to 99% for those born at term. The baseline characteristics of the cohort are shown in Table 1 , and survival of the children by gestational age is shown in Figure 2 . From 1967 to 1983, the neonatal mortality rates decreased steadily for all gestational ages (Fig. 3 ).
Outcomes
The risk of serious medical disabilities such as cerebral palsy, mental retardation, and disorders of psychological development, behavior, and emotion, as well as of other major disabilities such as blindness or low vision, hearing loss, and epilepsy increased markedly with decreasing gestational age ( Table 2) . We also observed a significant association of autism-spectrum disorders with very low gestational age, but these findings were based on a very small number of cases in the lowest gestational-age groups (Table 2) . At 19 to 35 years of age, nearly 1 of 9 persons who had been born at 23 to 27 weeks of gestation received a disability pension, as compared with 1 of 12 who had been born at 28 to 30 weeks, 1 of 24 born at 31 to 33 weeks, 1 of 42 born at 34 to 36 weeks, and 1 of 59 born at term (P<0.001 by the chi-square test for trend).
Similar associations between gestational age and medical disabilities were seen within each of the subgroups that were categorized by years of birth (1967 to 1972, 1973 to 1978, and 1979 to 1983) (Table 2 of the Supplementary Appendix). Within the most preterm category (23 to 27 weeks of gestation), the absolute risk of having cerebral palsy increased significantly over time (P for trend = 0.009).
When persons with medical disabilities were excluded from the analyses, there were significant but weaker associations between gestational age and proportions of people who attained a higher level of education and had well-paying jobs or who received social security benefits (Table 3) . A lower gestational age at birth was associated with a reduced likelihood of completing high school (P = 0.003), of receiving a bachelor's degree (P = 0.009), of receiving a postgraduate degree 
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(P = 0.006), and of having a high income (P<0.001) and with an increased likelihood of having a low income (P<0.001) and of receiving social security benefits (P<0.001). There was, however, no significant association between gestational age and unemployment rates. Decreasing gestational age was also associated with a lesser likelihood of finding a life partner (P<0.001) and of having children (P<0.001) but was not associated with receiving a sentence for violent behavior or criminal damage, a drug felony, or overall criminal activity (Table 3) . Although the overall prevalence of problems was different for men and women, and higher for men for most of the outcomes studied (Tables 3  and 4 of the Supplementary Appendix), the associations of various outcomes with gestational age did not differ significantly according to sex.
Discussion
In this national cohort, which included children who were born at a wide range of gestational ages and who were followed until adulthood, the risk of severe medical disabilities increased sharply with decreasing gestational age at birth. This association was true with respect to the risk of having cerebral palsy, mental retardation, and several other disorders and with respect to receiving a disability pension. Among those who were recorded as not having medical disabilities, the proportions of people who achieved higher education, held well-paying jobs, established a family, and did not receive social security benefits were slightly but significantly lower for those who were born prematurely than for those who were born at term.
These findings are consistent with those of previous studies that showed that very preterm birth is associated with specific difficulties in the areas of motor, cognitive, behavioral, psychological, and social function among preschool and school-age children. 1-6 A recent study involving toddlers showed an association of preterm birth with features of the autism spectrum 29 ; we also found an increased risk of autism-spectrum disorders among the infants who were born very prematurely, although caution is warranted in interpreting this finding given the small number of cases in the very premature groups. Our findings are also consistent with the results of smaller studies of children who were born very prematurely and were followed to young adulthood 11, 17 and with data on the social outcomes of prematurity in a Swedish national co- 1967-1969 1970-1972 1973-1975 1976-1978 1979-1981 1982-1983 We defined prematurity according to gestational age instead of birth weight, which is the definition that was used in many previous studies. [7] [8] [9] [10] [11] [12] [15] [16] [17] Although this approach resulted in the exclusion of about 4% of the births, owing to missing data on gestational age, it avoided the potential for misclassification of more mature babies who were small for gestational age as more preterm than they actually were.
Among the strengths of our study are the co- 
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n engl j med 359;3 www.nejm.org july 17, 2008 269 hort design that included all births in the country, the linkage of comprehensive and compulsory databases that had reliable information, and the minimal loss to follow-up. Furthermore, we studied a wide range of gestational ages to assess gradients or thresholds in the relationship between the degree of prematurity and several outcomes. The weaknesses of our study include the lack of detailed information on the severity of disabilities or on any functional capacity related to cognitive and social skills that was not reflected in educational level, income, criminal records, or the ability to establish a family. The misclassification of some diagnoses is possible when NIS data are used, but it is likely that diseases or disabilities that add a substantial burden to the individual or the family are recorded in this database. During the years when this cohort was born, there were no organized follow-up programs for premature children in Norway. Furthermore, the NIS would not have released financial support to a person who had received a given diagnosis unless the functional capacity of the person was substantially reduced. Therefore, overdiagnosis of disabilities among the most premature cohort owing to an increased use of services is unlikely.
The associations we observed between preterm birth and adverse adult outcomes may represent long-term effects of subtle brain dysfunction caused by preterm birth. Underlying biologic and social factors may, however, influence both the likelihood of preterm birth and adverse adult outcomes. [31] [32] [33] Therefore, to reduce potential confounding, we adjusted all analyses for sex, year of birth, multiple births, single motherhood, maternal age at the time of the birth, mother's and father's level of education, and immigrant status of the parents. Confounding still remains possible owing to factors for which we could not adjust, such as parental IQ, other socioeconomic factors, and the use of tobacco, alcohol, or illicit drugs. Also, we cannot rule out the possibility that an underlying and unknown medical condition in some infants led to both preterm delivery and subsequent social or health problems.
The survival rates among the children with the lowest gestational ages increased over time and coincided with an increased prevalence of cerebral palsy. There was no change in diagnostic criteria or screening procedures for cerebral palsy during the study period, leaving increased survival as the most likely explanation for the increased prevalence. Neonatal intensive care has continued to improve considerably in the years since this cohort was born. 34 Among preterm survivors, the prevalence of cerebral palsy may be decreasing, 35, 36 although it is uncertain whether the same trend is occurring with respect to the prevalence of less severe functional impairments such as behavioral, social, and learning difficulties among preschool and school-age children. 37 Studies have shown increased prevalences of attention deficits, with- drawal, anxiety, and reduced academic and social skills among schoolchildren with low birth weight as compared with children with normal birth weight. 38, 39 More recent survivors of preterm birth may therefore have difficulties similar to those of the present cohort when they become adults, although further follow-up of more recent cohorts is needed to address this question.
Despite the higher prevalence of disabilities among persons who were born prematurely, it * People receiving disability benefits for medical reasons were excluded from these analyses. All analyses are adjusted for sex, year of birth, multiple births, single motherhood, maternal age, mother's level of education, father's level of education, and immigrant status of parents. † A Cox regression model was used for estimation since log-binomial regression did not converge. ‡ Persons born later than 1980 were excluded from this analysis. § Persons born later than 1978 were excluded from this analysis. ¶ Low job-related income was defined as a job-related yearly income that was lower than the 20th percentile for persons born during the same year. ‖ High job-related income was defined as a job-related yearly income that was higher than the 80th percentile for persons born during the same year. ** This category includes persons who had been registered at any time as unemployed by the Norwegian Employment Service. † † This category includes persons who were registered as a biologic mother or father in the Medical Birth Registry of Norway.
The should be recognized that a large proportion of the adults who were born prematurely and who did not have severe medical disabilities completed higher education and seemed to be functioning well. The current study shows that there is a continuous relationship between decreasing gestational age at birth and a wide range of adverse outcomes, without any obvious threshold. Since most preterm births occur at moderate rather than extreme prematurity, most of those with special needs may be those who were born at a moderately premature gestational age. On the other hand, the survival rate of very preterm infants who are at higher risk has continued to increase. Studies are needed to identify modifiable factors that predict adult outcomes among children born prematurely in order to improve preventive and therapeutic strategies.
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